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@ Fluoraacant compounds. 



® ^ Nave* compounds obtainable by reacting together an tmido-reagent auch aa aiphenyprraphonirni- 
do- tri phenylphoap horane) with a chelate of a transition or lanthanida or actinida metal auch as 
tr)3(dibanzoy1meth»da} europium 111, haa the property of fluorescing In UV radiation. The kivention 
indudea aoOd polymer bodlea containing such compounds or chelates of transition or lanthanide or 
BCtlnlde metata generally, the bodlaa having the proporty of emitting light by virtue of intern atfy 
generated, e.g. by tritium tonlalng radiation. The body «a preferably of polystyrene formed by 
polymerising, the monomer in the presence of the compound or metal chelate. 



< 

IA 

O 

S 



CL 
UJ 



Jouve, 10. roe SaJnt-Oenia, 75001 PARIS 



EP05W0MA1 

This invention concern a polymer bodies which are Light-emitting by virtue of containing a transition or Ian* 
thanida or actinkje metal chalat or other complex. For the most part, the energy for light amission <a provided 
by internal radioactivity, e.g. by using a trtiated polymer. In the course of the work leading to this invention, 
novel compounds based on certain metal chelates have been identified as having outstanding flu orescent 

6 properties. These compourkda, and polymer bocfies containing thorn, also form part of this invention. All these 
compounds and chelates are fluorescent, In the sense that they emit light or.cthar relatively long wavelength 
electromagnetic radiation, on being subjected to UV or other relatively short wavelength electromagnetic ra- 
diation, Including ionising radiation from radioactive decay. It is surprising thai the compounds and chelates 
show high efficiency of light output and good stabifity in the presence of ionising radiation. 

10 British patent specification 2242908 describes tn bated l igtt emitting polymer com positions, containing one 

or more organic fluora linked to the polymer in some way, for example as a result of having been disserved in 
the monomer prior to polymerisation. The polymer compositions can be mads transparent or translucent so 
that useful tight Is emitted from the entire volume of the polymer. Such compositions have other advantages: 
they are easily fabricated and shaped; the tritium is present in combined form and so Is not released by accl- 

is dental damage (as would for example be the case with a glass envelope containing gaseous tritium); when 
performance falls off, the composition is easily replaced and recycled. Bui using the organic ftuors described, 
the generation of light from radioactive decay is not as efficient as may be desired. As a result, Che polymer 
composition may be subject to radiation damage from the high concentrations of tritium needed to generate 
bright light 

20 Rare earth chelates having the property of fluorescing in UV radiation are well known. A. P. B. Sinha (Spec- 

troscopy in Inorganic Chemistry edited by C. N. R, Rao and John R. Ferraro. Vol. 2, Academic Press 1971 - 
History of Congress Catalogue No. 77-117102) describee several classes of rare earth chelates with various 
monodentatn and attentate Bgands. The mechanism of fluorescence is also described. The first step involves 
the absorption of energy by the organic part of the chelate leading to its excitation from a ground stale singlet 
23 to an excited singlet The excited molecule can then go over to a triplet state in wWch energy can be transferred 
to a central rare earth metal ion. The excited metal Ion can then undergo a radiative transition resulting in the 
characteristic line emission of the ion (Ion fluorescence). Afl these steps take place in competition with other 
non-radiative steps. For efficient fluorescence, it is necessary that the transition metal ion have a resonant 
frequency which is dose to, but slightly lower than, the excited triplet frequency of the chelating group. This 
30 ensures that the probability of tri pi et-to- resonance level transition is high. Other complexes of Group 1 1 IA me tats 
and rare earth and I ant nan Id* metals with aromatic com pie xing agents have been described by G. KaHtstratos 
(Chimika Chronica, New Series, 11, 249-266, 1982). For example, this reference describes the Eu Tb 3* 
end U 3+ complexes of d^trtmyl-phoiphonimk^tripheny^ 

In one aspect this Invention provides a solid bo-T comprising an organic polymer or a mixture of organic 
33 and inorganic polymer, together with a chelate of ' jnsMon orlanthanide oractlNde metal, the body having 
the property of emitting light by virtue of interna* 1 , jeneratad Ionising radiation. Preferably the polymer Is ra- 
dioactively labeled so that the radioactive decay provides the ionising radiation. 

The metal chelate may be the same as or simitar to the known classes of metal chelate referred to above. 
However, k needs to have a number of special properties not always possessed by the known f luorasoent: 
<0 - It needs to be capable of fluorescing under the Impact of UV or other electromagnetic radiation, not only 

in pure form but also in diaper* ion or solution in en organic monomer or polymer. 
- It Is preferably soluble in the monomer or monomer mix used to form the polymer body. A solubility of 
at least 10% by weight Is generally preferred. The metal chelate should preferably remain soluble as the 
monomer polymerises. 

45 - The presence of the metal chelate should preferably not inhibit polymerisation of the monomer to a trans- 

parent wholly or substantially colourless polymer. 
Up to the present time a scintitent has nor maty been regarded as consisting of a solvent plus one. two 
or three solutes. The solute wfth the fluorescence level highest in energy is called the primary solute or scin- 
tillator and the second and third solutes are known and act as wavelength shifters. The scintillation proceed 
"> has thus been seen as involving the following ate pa: absorption of nuclear radiation by th» solvent with the 
formation of a solvent excited state; energy transfer from the solvent to a primary sctntillant followed by fluor- 
escence emission; absorption and re- em la a Ion by secondary and possibly tertiary acin tiki ante to ahrft the final 
emitted light to the desired wave-length. 

It has surprisingly been discovered that the chelates of the transition metals particularly those of the rare 
w earths, can act as primary scintillants, such that the nuclear radiation energy adsorbed by the solvent (polymer) 
is transferred to the chelate or chelates and only emitted at th final desired wavelength, this process being 
achieved without th use of secondary or tertiary scmbUanta or wave- shifter*. These chelates have thus mini- 
mised energy loaaes and giva rise to more efficient light output The metal chelates oft n have very narrow 
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emission spectral bands, which can be designed to bo at particular wavelengths, thus enabling photodiodes 
to b used at high efficiency. 

In principle, any metal km having an unfilled inner electron shell, that is to say almost any transition or I ao- 
thanideor actkiide metal ten, can be used as the basis of thefluorescent chelate. In practice, a metal Ion having 
a convenient emission frequency, and a convenient resonant frequency, and an efficient transition between 
the two. is meet usually chosen. The most usual are the I an than id a metal ions Sm 3+, Eu 3*. Tb 3+, Dy 3+, 
Yb 3+, Lu 3+, Gd 2+, Eu 2*, and the actfnide metal Ions U 3+ and U0 2 3+. 

The chelating or compiling groups are chosen to have a triplet energy level sJm&ar to but sifghtty higher 
than the resonant energy level of the chosen metal ion. Known chelates, including those described m the 
abovamentioned references are likely to be suitable, including those based on dketone and triketorte chelating 
moieties. A preferred chelating group has the formula 



ft 




where R' may be the same or different at different parts of the molecule and each R" and R' b an ar- 
omatic or heterocyclic ring structure which may be substituted or hydrocarbon or fluoroeartoon or FT is hydro- 
gen. The kkntty 0 f R" can be used to modify the triplet energy and may affect light emission. R" can also be 
made co~ polymeria able with a monomer, e.g. etyrene. 

In the compound described in Example a) below, R* is t-butyl and R* is hydrogen. Metal chelates may have 
up to four, typically three, of such groups surrounding the metal ion. 

Examples of metal chelates useful in this invention are:- 

a) Terbium (3+) <dlpivatoylmethide) S( otherwise known as terbium tris(2.2.8,6-tetramethy|.3,5- 
heptanedlonato) chelate, commerdaHy avsiabie from Strem Chemicals. 

b) The dl- and trt-pyrazotyt borate and the Ch and tri-pyraznlyl-N~oxide borate ad ducts of a). 

c) Europium (3+) (2-naphthyi trrfkioroacetyl acetonate^ 

d) Uranyl (2-napbthyl tartf luoroacetyl acetonateW This material emits strongly in the yellow part of the spec- 
trum when cooled to about -50°C. 

e) The dipyridyi and dipyridyl-N-oxide adducts of c) and d). 

t) A family of novel compounds derived from metal chelates as In a) to e) above has shown interesting flu- 
orescent properties and is Included within the scope of the invention. 

In this aspect the invention provides a compound that results from reacting together an imido-resctant of 
formula 



R 



0 - Q - N - Z 



where Q may the same or different at cflfferem parts of the molecule and is P, As or Sb, 
and R may be the same or different at afferent parts of the molecule and each R is an aromatic or het- 
erocyclic ring structure which may be substituted or un substituted, provided that one group R may alternatively 
be a co-polymerisaUe group. 

and Z is either QR» or an oiigophosphoranyl group (an organophosphoranyi group with two or more P 
atoms). 

with a chelate of a transition or lant hankie or actinide metal ion to produce a product which has the prop- 
erty of fluorescing in UV radiation. 

These compounds are expected to have the formula 

<X* - W - O - QR 2 - N)pZor>C„ - M{ - O - QRj - N - Z), 
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where M « the transition or lanthanlde or actlnJda metal ion, such as those deacrfced above. 
X»a ch dating croup, 
n is 1 to 4, 
p is 1 to 4, and 
s s is 1 to 4 preferably 1 or Z 

In the above structures, Q may be Sb or As or P, the latter being preferred At least four of the five groups 
R should be of aromatic or heterocyclic character the following being examplts: phenyl; p-toiyl; 2,4-dimethyJ- 
phenyl; p-tortrary butyl phenyl; 1-naohthyl; 2-naphthyl; 4-pyridyl; 4-quinoly». 
Z may be an oligophosphoranyl group, e.g. of the formula: 
10 Ar, - P - f(AJk. P. Ar) m - AJk - P - ArJ, 

where Ar is aryl preferably phenyl, 
AJk is alkene preferably -C^K,-, 
1, m and q are small Integers such that 1 ♦ q is 3, 
these compounds being of the Wnd commercially avaiaUe as;- 
15 Dlphos - PhjPCa^PPhj. 

Triphos - Ph 2 PC 2 H 4 P(Ph)C 2 H 4 PPh 2 . 
Tetraphos I - PhjPC^PtPhjCiH^PPhCaH+PPhj. 
Tetraphos II - P{C 2 H A PPt^)^ 
(See JACS 93:17 August 25 1971; 4153-4166), For example, a compound according to the Invention based 
7Q on Dlphos would have the formula: 

*n- M- O -P(Ph) a - N « P(Phh - CzH* - P(Phfe = N - P<Phfe - O - M - X, 
where Ph is phenyl. 

Alternatively, one of the g/ou ps R may be a co- polymerisaWe group, t hat is to say a group capable of joining 
in a polymerisation reaction with a monomer wkh which the compound is mixed. Examples are carboxyiic and 
25 Aphonic acid groups, and at hyle ni call y unsaturated riycVocarbon groups such as aflyt and p-styryt A preferred 
imido reagent has the formula 



Ph Ph 

I I 
O-P-N-P-Ph 

I I 

35 Ph Ph 

where Ph Is phenyl. 

Preparation of the compounds of this invention is straightforward. Transition metal chelates such as those 
40 described by A. P. B. Ski ha (reference above) am well known. Soma are commercially available. General meth- 
ods of preparation are described by Raid and Calvin (Journal of the American ChemicaJ Society, 72 (1930), 
2946-2952). Imido reagents are known materials (see the KaHistratos reference above) whose preparation is 
o^scribed by R. A. Baldwin and R. M. Washburn (Journal of the American Chemical Society, 83. pages 4466- 
4467, 1961) and M. J. P. Harper and S. Westfake (Tetrahedron. 38. Ho. 10, pages 1511-1515, 1962). To prepare 
compounds according to the present invention, the chosen metal chelate and the chosen imido- reactont may 
be heated together In molar quantities defined by tha formulae above at a melting temperature of 200°C for 
one hour. More preferably, appropriate molar quantities of the two reactants are heated together In a refluxing 
organic solvent The inventors have found trimethylpantane when s w 1 and toluene when s is 2 to be conve- 
nient, rf the starting metal chelate it insoluble, progress of the reaction can be monitored by noting thai the 
50 refluxing solution dears. On cooling, the desired product crystal Uses out In easity recoverable form 

This aspect of the invention is not restricted to compounds prepared by this route, and other preparative 
methods are possible. For example, one molar part of a complex of the metal ion with the Imido-reactanl may 
be heated with generafty 2-4 molar parts of the ch Is ting moiety so as to form the desired compound. 

The compounds, IndMduaOy, have the property of fluorescing, in the viaibl or infra-red region depending 
on the metal ion chosen, when subjected to UV or other energetic radiation. This property may be exploited 
in various ways. For example, the compound may be applied as a coating on a glass vessel or on glass beads, 
and th se may b maintained in the presence of a radioactive gaa such as rtttum or x non-133 or toypton- 
85. 
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The compounds, in combination, may act in a less well known manner. In certain circumstances the energy 
collected by the metal (on of one structure wHf not be emitted by that bn but will be transferred most efficiently, 
by so-called radiationJess transfer, to a second different metal ton (chelated). This phenomenon, known as - 
ion to ion transfer- can be made very efficient by careful selection of the two metal Ion structures. For example, 

5 trtvalent gadofinium strucajree do riot usually emit tight even in isolation but in combination with known fluor- 
escent la nthanide chelates, they prove to be very efficient energy collectors. Such metal ion chelate pairs can 
be of greater efficiency than any one chelate on Its own. 

The compounds of this invention are particularly usefcjl in polymer compositions. Thus in another aspect 
the invention provides a solid body comprising an organic polymer or a mixture of organic and inorganic porymer 

io together with at least one compound as descrfced above, the body being capable of em ting light when sub- 
jected to a flux of electromagnetic radiation. Preforabiy, the flux of electromagnetic radiation is generated in- 
ternally by radioactivity in the solid body. 

Thus, either the polymer or the metal chelate {which term is hereafter used to include novel compounds 
of this invention) may be radio-labelled, preferably with tritium. In these compositions, the metal chelates act 

*a as scinbllants, either alone or in conjunction with conventional organic scintillants. 

Polymers labelled with tritium are well known, and are most conveniently prepared by labelling a monomer 
or co-monomer with tritium prior to polymerisation. The porymer should preferably be clear for maximum effi- 
ciency at the wavelength of the emitted light and should preferably be resistant to damage by self- irradiation 
(E.A. Evans, Tritium arid Its Compounds, 2nd Edition, Butterworths, London 1&74 pages 720-721). On these 

to grounds, polymers of vinyl-aromatic hydrocarbons, such as st yrene and vinyftoiuene, are preferred. AG a (scis- 
sion) value of 0.04 Is quoted for Irradiation of poiymethylstyrene and a Q m (cross-l inking) value of 0.02 which 
is much teas than for other known polymers, see Polymer Photophysics and Photochemistry by J. Gu filet Pub. 
Cambridge Urfversfty Press, 1dB5 page 353 et sec,. Some or ad of the protlum hydrogen in the polymer and/or 
in the metal chelate may be replaced by deuterium. Additional stability is however conferred on the composition 

» by the presence of the metal chelates, by virtue of their conversion of beta radiation energy into light reducing 
the proportion of energy avatebJe for self-irradiation of the porymer. 

The extent of tritium labelling is a compromise between several factors. By incorporating 2 atoms of tritium 
per monomer molecule, I is possible to achieve activities of 600 Ci/g. Such monomers may be dluted with 
non-rad Inactive monomer, or Ihe monomer prepared using tritium-hydrogen mixtures in the tritiatwn/hydrogen- 

*> abon step, to achieve the overall specific radioactivity required. ActMtfee below about 100 mCl/g era rather 
unlikely to be useful as illuminating devices but do have a use as light sources for calibration. As the tritium 
labelled polymer is a relatively expensive material, it will generally be prefer red to use the minimum required 
to achieve the desired light output All polymers labelled with radioisotopes including polystyrene sulfer from 
radiation damage, and at high levels of activity this may lead to darkening with loss of light output, and even- 

33 tualry to embrirtement and degradation. Labelling to an activity of from 25 nanocuries/gram to 100 Ci/g, par- 
ticular fy 50 nartocuries/gram to 5 curies/gram, of composition may be appropriate in many cases, with activities 
towarda the lower end of that range where a service life of more than five years is required. 

Tritiated vinyl aromatic monomers may be made by the catalytic partial reduction by tritium of substituted 
acetylenes. For the purpose of this invention, reduction is carried out with triuum»hydrogen or tritfum-deuterium 

40 mixtures up to 1 00 par cent isotope abundance of tritium as required, preferably in the presence of a platinum 
or palladium catalyst or other suitable hydrogenation catalyst. The catalyst chosen should not contain volatile 
components such as quinoline and should not be adversely affected by monomer stabftaers. After the reduction 
It Is preferable to remove by fihxation or by distillation any catalyst from the tritiated monomer. It is also prater- 
able to dlute the tntiated monomer with non-radkiactva monomers) which have been purified either by dls- 

49 tlllation or by passage through a column of neutral alumina. Vinyl aromatic n>oi>omers wWch are tritium labelled 
on the aromatic ring are also known and may be used. 

The concentration of the metal chelate should be enough to efficiently convert the beta-radiation into visi- 
ble light, but not so great as to inhibit polymerisation of the monomer mix or to substantially harm the properties 
of the porymer. Whle optimum concentrations may vary depending on the nature of the polymer, the extant 

90 of tritium labeflbio. and the nature of the Acintiflant. auitnhto Mwv?»ntrafonfi aro likely to l»» in thm rang* 1 
to 500 mg, preferably 10 - 200 mg of total scintilla nt per mi of polymer The concentration of scintillBnts are 
optimised for the Hght output required but too high a concentration will result in self- absorption of the fight and 
thus reduce the efficiency - see Design Principles of Ruoresence Radiation Converters by G. Kei in Nuclear 
Instruments and Method! 87. 111-123 (1970). 

55 Across-linking agent may ba included In the monomer mix and may be beneficial In Increasing light output, 

aa discussed below. For example, with a vinyl aromatic system up to 50 g/l of dfvinyl benzene may ba useful. 

These light- emitting polymer compositions may be made by providing a reaction mix comprising at least 
onepolymerisabl organic monomer, pr fembfy a vinyl-aromatic hydrocarbon, labelled with tritium, and at least 



5 



BP 0 335 005 A1 



to 



15 



one ratal chelate scrntllant. and subjecting the reaction mix to polymerisation conations. The scintaiant te pre- 
ferabiy present In solution in the monomer. Transition metal chelate* are often sparingly sdubi kn vinyl-aro- 
matic monomers; a prefer red feature of adducts such as t he aromatic imido-moiety to to render the compound* 
of this invention highly soluble. Preferably, polymerisation of the monomer or monomers is effected by heat 
in the presence or absence of free-radical polymerisation initiators and in the substantial absence of oxygen 
When the polymerisation reaction ia exothermic, carefut temperature control of the reaction mix may be needed 
to avoid thermal decomposition of the organic scintMators. The reaction mix may be shaped prior to polymer- 
isation to generate plastic sheets of desired thickness, rods, filaments, microbeeds, capilary tubing or other 
desired shapes. After polymerisation, the solid products can also be cut and shaped as desired. These shapes 
may be "sivered- In known manner to increase directional light output Thus the body may be In the shape of 
cylinder with the curved surface made inter nafty reflecting, or of a chord of a cylinder with the curved surface 
and the ends made internatfy reflecting. 

Upon polymerisation of the monomer mix. the light emitted by the composition increases, to an extent that 
is dependent on various factors. Use of purer reagents; increasing the hardness and/or rigidity of the product 
(and for this reason a cross-linking agent may be beneficial); cooling the product stretching the product or 
otherwise inAjcfrig crystallisation: all these steps may Increase light output from e given composition. 

The light emitting compositions of this invention era useful wherever a continuous or intermittent indepen- 
dent light source ia required and power Nnes or batteries cannot conveniently be provided, or as a detector of 
radiation. Some examples are: 
so - Production of electricity by combination with photocells. 

- in liquid scintBlarJon <xm position* as well as porymers, e.g. for liquid scintillation beta measurements. 

- In nidation, e.g. X-ray. visualisation screens where the efficiency of the new phosphors may be used 
to reduce exposure and/or improve definition. 

- Light sources for signs, gun-sighta, markers on Instruments. 

- Large light sources on airfields and ot her situs bona where remote lighting may be requ ired (see atoo G 
Foldiek in Industrial Application of Radioisotopes. Pub. Elsevier 19B6. p.386 et seq. and A Novel Light- 
Collection System for Segmented ScinUlBtton-Counter Calorimeters, V. Eckardt, R. Kalbactv A. Manz. 
K. P. Pretzl, N. Schmitz and D. Vranic, Nuctear Instruments and Methods , 155, 389-398 (1978). 

Reference is directed to the accompanying drawings in which: 

- Figure 1 is a structure, obtained by X-ray crystallography, of the compound tn^2 t 2.e,e-tetramethyf-3,5- 
heptaned»onato)terbium lll-dlpheny^phosprKxiimk^trlphenyt phosphorane. 

" J^ 09 2 end 3 are graphs of power output against phosphor concentration at two different polymer tri- 
tium concentrations. 

- Figure 4 is a graph of light emission intensity against wavelength for different light emitting sources. 

- Figure 5 is a graph of power output against radioactive concentration. 

- Figure 6 Is a graph of light emiaaion intensity against wavelength tor the formulations of Example 5, 
• Figure 7 is a graph comparing efficiencies in terms of power output, of various light emitting sources. 

- Figure 6 Is a graph comparing efficiencies, in terms of brightness, of the same light emitting sources. 
The following examples illustrate the invention. 
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EXAMPLE 1 

Tf^2.Z9. 6-tetrafrwthy^3 t 5^eptanedionatD)t^fbtufn B>-diphenyt*ph03phonimido-trtphenyt phosphorane 
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Trl»(2 t 2,6.6-telramethy»-3 t 5-nflptanadk>n^)t«rbium III* <2) was purchased from Strem Chemicals Inc. 

Diphenyl-pnosphonlmldo-irrphanyl phosphorane (3) was prepared by a method given in the references 
quoted above- D^henyi-phoaphkiic acid chloride (68 g) and sodium azide (30 g) were stirred in dried eceloni- 
trile (380 ml) for 64 hour* Diphenyiphosphinic azide precipitated out of solution, waa filtered off and washed 
with acatonterfle end dried to yield 72.3 g. 

24.1 g (100 mM of the diphenyiphosphlnic azide waa dissolved in dry diethyl ether (50 ml) to yield 70 ml 
solution. Triphenylphosphine {26 g 1 00 mM) was dissolved in diethyl ether (dried 1 60 ml) and the two reagents 
mixed and refluxed in a 500 ml flask fitted with a reflux condenser. 

The precipitated materia* waa filtered off, washed with a) ether, b) dflute ammonia solution (10 ml of 2N 
ammonia diluted to 100 mi), and c) water (5 x 100 ml>, and dried et room temperature under vacuum to ytekj 
36.31g (76% of theory) of {3>. 

1 mM of (2) waa mixed with 1 mM of (3) In a total of 5 ml trimethyl pantane, and the mixture heated to 
refkix unti a clear solution was obtained <about 1 hour). The solution waa allowed to cool yielding (ALM) as 
a crystalline aoiid in nearly quantitative yield. 

X-ray crystailographic examination of singJe crystals of the product gave rise to the structure shown in 
Figure 1. Thermal analysis by differential scanning calorimeter gave a melting point of 1B9.8°C. 

EXAMPLE 2 



Ught emitting polymer preparation using (1) 

45 Reduction of Intermediate to yield d fluted trtthrted monomer 

Pnanylacatyiene (1 mM 100 mg) waa reduced with 60 curies tritium gas in the presence of Pdc catalyst - 
(reference see Example 5. 1 ml solution pumped to dryness under vacuum) ihen styrene (1 0 ml without the 
stabiliser removed) added along with a magnetic stirrer. The phenylaoetytene was quantitatively reduced to 
tritiated styrene without there being any significant further reduction of tha styrene u> ethyi benzen*. 
SO Thte produced about 1 0 mWilitres or grams of tritiated ttyfen* at 8 curi«s/cram or mOJaitra - atil containing 

Pdc cataryst and polymerisation inhibitor. The tritiated styrene was removed from the catalyst, polymerisation 
inhibitor and any other contaminants by vacuum d isolation and the resulting pure tritiated styrene added as 
required to (ALP-1 ) und&ufced or diluted to give a final solution of (ALP-1) in the Wiated monomer. 

« Pelym rtsatlon to yield L.E.P. 

A solution of polymerisation catalyst (AZ8N) was added to yield a final cat^yst concentration of 0\1 m«H 
grams per milllitre. The solution waa then flushed with arg^methane to minimise oxygen content which tends 
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to Quench Tight emission, and the container was sealed and the solution polymerised at 60°C for 1 6 hours. 
The polymer was allowed to cod to room temperature to yield a virtual* colourless high clarity polymer 

with a bright y el low/green (545 nanometers) light emission. 

A considerable increase in light output was observed as the monomer polymerised to completion. 

Porywier shaping and applying reflective coatings 

The product may then be further shaped as it i* a thermoplastic to emit its light optimally in one plane and 
farther efficiency of emission may be obtained by applying a reflective metal coating to parts of the shaped 
product For the tests described below, the body was formed in the shape of a chord of a cylinder with the 
curved surface and the ends made internally reflecting by being coated with aluminium metal. 

Figure 2 is a graph of power output (expressed In nW/Ci) against phosphof concentration at a f ixed porymer 
tritium concenfratkm of 6.0B Cl/g. The upper curve of the graph was obtained in an experiment in which the 
light emitting body was -stveied" and optically linked to a photodiode. The lower graph was obtained h an ex- 
periment in which these steps were omitted. 

Figure 3 is a corresponding graph, in which the polymer tritium concentration was 0.606 Ci/g. 

Figure 4 is a graph of emitted tight intensity against wavelength for compositions having a porymer trftium 
concentration of 6.06 Ci/g and various phosphor concentrations. Curves 1. 2, 3 and 4 were obtained with dif- 
ferent concentrations of phosphor. Curves 5 t 6 and 7 are included for comparison, and were obtained using a 
commercially obtainable source containing tritium gas in a glass vessel coated with zinc sulphide scmHant 
The fluorescent amission of the phosphor of this invention is strikingly monochromatic at 545 nm. and the peak 
intensity at this wavelength is much higher than obtainable from the commercially avatfable sources. 

EXAMPLE 3 

Preparation of Europium (3+) terra (naphthalene trtnuoroacetylacetonate) bipyridyl (Eu(NTFAU bipyr) 

Naphthalene trtftuoroacetylacetonata (ex Lambda Probes & Diagnostics (Austria). 4.7 mMimolse (1.25 
grams) were dissolved in ethanol (10 ml) and Europium trichloride (1.04 miBrnoles, 1.04 grama) dissolved in 
ethanol (5 mi) was added. The combined solutions were heated at 65° C for 30 minutes. 

Sipyrtdyf (2 miilimaies, 352 mHMgrams) dissolved in ethanol (5 ml) was then added and the solution main- 
tained at 65°C for 30 minutes. 

Tne total volume was then reduced to 10 metres, neutralised with sodium hydroxide solution and stored 
overnight at +2°C. 

The resultant precipitate was f ate red off, washed with ethanol water (7:3) (5 ml) and dried at 100°C under 
vacuum. 

EXAMPLE 4 

Terbium (3*) (2,2,6,6-tetra methyl- 3, 5-heptanedionato) chelate was purchased from Strem Chemicals. 
Methods of pre paring the pyrazolyt borates are described by E. Trofimenko J.A.C.S. 89: 13/ June 21 1867. 
The trt-pyrazolyl borate adduct was prepared by heating stoichiometric amounts of the chelate and tha pyrazdyl 
borate fn acetone to dissolution, driving off the acetone and melting the residue to a clear melt at minimum 
temperature. After cooling, the solid was crushed to a powder and any residual solvent pumped off under va- 
cuum at room temperature. 

EXAMPLES 

Formulettana ualng l anthenlde chelates to produce a light emitting polymer emitting at 614 mu or 54ft mu. 

Phenvtacetylene (3 mmofes. 290 uJ) dissolved in Myrene- d 8 (5 ml) were added to the dried homogeneous 
Pdc catalyst obtained from 4 ml of catalyst solution (Brunei ♦ Caubert, J. Org. Chem*, 1964. 49, 4058-40 60). 

The above solution was stirred with 200 curies tritium gas, The phenyiacetyiene is quantitatively reduced 
to tritiated styrene without there being any significant further reduction of the styrene to ethyl benzene. 

Thia tritiated atyrena dissolved in the fuHy deute rated styren - d fl is removed from the catalyst, polymer- 
isation inhibitor and other contaminants by vacuum distillation. 

1 ml aliquots of this material were added to the folio wing:. 

■> 
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Terbium [DPM] 3 P fl ,B (see Example 4) 




21.1 mg 


Butyl PBD (primary scintffiant) 




100 mg 


Drvinyl benzene (cross-linker) 




10 mlcrolitres 


AZBN catalyst for polymerisation 




1 mg 




• 1.5 curies 





Terbium PPM], P^B] (different batch to a) 




20 mg 


Dnrinyl benzene 




20 micro! itres 


AZBN 




1 mg 




- 8.0 curias 





Europium NTFA bipyridyl (sea Example 3) 




20 mg 


Butyl PBD 




100 mg 


Diviny) benzene 




20 microti tres 


Triphenyl styryl lead 




5 mg 




• 8.0 curies 





The volume of each aliquot was about 1.1 mi. The tritium activity was as stated, achieved by use of different 
specie activity tritium gas. 

All three solutions ware sealed under nitrogen, the containers sealed and the solutions polymerised at 
60°C fori 6 hours. 

The polymer was allowed to cool to room temperature to yield dear polymer pieces. 

The emission of each piece was measured after shaping to a uniform size and shape In a mould and par- 
tially silvering by vapour deposition to guide the light out of one surface. 

The emission spectra (see Figure 6), shows that the europium chelate co ntaining polymer piece emits light 
at - 614 millimicron (orange-red) and the terWum chelates at » 548 miHimicrons (yellow-green) 

Figure 5 ■ a graph of power output at 540 nm (expressed in nW) against radioactive concentration (Ci/g) 
of the polymer. The phosphor concentration was held constant at 120 mg/mi. The power output goes up more 
or lees linearly with increasing radioactive polymer concentration. At the higher concentration* shown, the poly- 
styrene would have had a limited life due to radiation damage. 

EXAMPLES 

Figure 7 Is a graph comparing efficiencies of various different light emitting sources, expressed as power 
output (nW) against polymer radioactive concentration (Ci/g). in thie graph:- 
Squarea (line A) represent polymer sources as described in GB 2242906A. 
Erect triangles (line B) represent the formulation of Example 5o). 

Inverted triangles (line C) repreeent formulations according to Example 2 containing a phosphor concen- 
tration of 120 • 15G mg/mJ of polymer 

The diamond represents s commercially available source comprising tritium gas contained in a glass vessel 
coaled with a zinc sulphide sd nil II ant 

Figure 8 is a comparable graph, in which the ordinate is not power output but brightness expressed in 
nVWcrn* of photodiode. Performance of the Example 5b) formulation (B) is efrikingly superior to that of the pre- 
viously known polymer sources (A). Performance of the formulations (C) according to Exam pi 2 Is strikingly 
superior to the performance of aS other sources including the commercially available gas source. 
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EXAMPLE 7 

Trte^ nZOy tmethkl«^(diphen^pho 8 phon, m ido^heny< phosphoranel europium III (EtflllDBM| T 
A. Preparation of europium Ml trw(d»bsnzny1i»Bthlde) (Eutll[DBM]» 



Ph 

e / \ 

ffC 



\ 



e-0 



3t 



Ph Ph 
I I 

I I 
PA 



CHbenzoyl methane, 100 mmoles. 22.43 grama, {ex AWrieh Chemical Co. Ltd.). m.p. 77.5-79-C) and 
sodium hydroxide 100 mmoles. 4 grams, were reacted together in 50% Wv rtharJiwat. 200 rTaVrZ 
toflrvea 10,utfen <* «"* sodium aatt of dlbenzoyl methide at a concentration of 0.5 mili- 

diaJv^n^lf^i*!! 8 ?^^ mWt 36631 • 8 mM,molM 22 Oram, (ex Aldrtah Chemical Co.). was 

r^ t ^,l^lfl V H T** Bt C - e ° X and to this "« « dd * d with stirring 16 mllimo.es. 38 

ml of the solution of sodium dibenzoyl methide prepared as above. 

The EuHI[D6M] 3 monohydrate precipitates out la f Htered off. washed with water and dried 
B. Preparation of (Eulll[DBMJJDPTP],) 

Eulll(DBMb monohydrata m.w> 839.74, 2 mfflimd M . 1. 68 grams and diphenyl-phosphonimWo-trlphe- 
r ^^^T T l m f- 477 1 5 ' 4 m,ll,motes - 191 8«na are melted together at 20O°C in an oven and held 
at tnattamperature for one hour. The product is then diaaoived in hot toluene 15 milUlltrea and added care- 

?„ J * °°,lf ^ !T ,r,y ' PW,tan8 ' 500 """^ lo P™"*** 8 complex which is filtered off. dried 
and weighed, yield 3.1 grams. 88% of theory of 3.59 grams, m.wt. 1776.64. 

C .Comparison of fluoreaeent properties of europium ID trte<dlbenzoyl methide) and its bi»<dphenyl 
sty^ 00 Phoaphorane) derivative prepared as above and incorporated Irxopoty- 

EulUDBM^ 30 mg was dissolved in 1 ml styrene. polymerised using 1.25 mg A2BN. healing overnight 
at 75-C. and shaped nto a flat sheet *1 .5 mm thick. Surface reflectance measurements were made at 
room temperature and at appro*. .140-C using an excitation wavelength of 360 rrm. EullirDBMlJDPTPl, 
25 mg was similarly treated and measured. B 

lllrn J^ m ^J* mer * 9howed thBt - w,thout any adjustment for concentration. Ihe fluorescence from Eu- 
■lipBMMDPTPfe In polystyrene was approximately 6.68 times more Intense than that of Eulll[DBM b 
If aflo wanes were to be made for molar concentration then the ratio was 17.29 
^ * 0mpartK>n ! * BmiaJ,ion8 " n*™ temperature and approx. -140'C of the same sample te 
thought to compare the size of the energy population of the triplet level (measurement at-140'C) with the 
SKeof thef luoresceneeemlssion (at RT) thereby indicating the efficiency with which that energy has been 
transferred to the lanlhenide Ion and emitted. On this basis: 
EuHfDBMl, shows an eff lel«ncy of 36%. 

EulUPBMUDPTPJi shows an efficiency of 79.72%. i.e. a Z2 fold increase in efficiency 
— COf !!f, PO -? ng Samarium 81 chelates, namely SmllltDBMUfDPTPL, and 5mttl{0BM}^pPTP) have 
■bo been made and tested; the former of these two shows good fluorescence properties, the latter also 
riuore*c»t bti polystyrene. 

EXAMPLE S 

Vari ° lJa an- °8 tt 83 * *y ren * **** investigate a potential light emitting polymar matrices. 

10 
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The monomers were polymerised (as described In Exempts 2) with a flxsd amount of compound (1} (Ex- 
ample 1) hereinafter called ALP-1 at fixed radioactive concentration The radioactivity was introduced by T sph 
king" the monomer with smaH quantities of tritiated styrene (<10% v/v). The rseUta are shown in Table 1. 



Table 1 . Relative light Output of Some Styrene Analogues 



Styrene Analogue 


Relative Light Outputs (Arbitrary Units) 


Styrene 


100 


4- t-Butyi styrene 


106 


4-Methytetyrene 


97 


2,4-Dimethyfstyrene 


86 


4-Met hoxy styrene 


60 


2,4,6-TrimethylatYrene 


39 


4»VinyM>i phenyl 


65 



Polymerisations carried out at 100°C. t-butyt peroxkfe initiator (1.5% w/v), 10% ALP w/v. 
EXAMPLE 9 

Some 1 ,3-dlk»tonateft Of terbium era shown tn Table 2. Compounds (1 ) and <2) are available thcoueh com- 
mercial suppliers. Compound (3) is a novel Ifcjorescent chelate based on the ligand imidotetraphertykliphos- 
phinic acid (5). Their relative light outputs in tritiated polystyrene are shown In Table 2. 

The relative light outputs were determined using a standard bmi noma tor with 2% w/v fluor in tritiated styr- 
ene at 100 uCLtanl. Polymerisation carried out at 100*0 with t-butylperoxide initiator. 




ImldoietraphenyklipDosptiinic add 
(«) 

EXAMPLE 10 

Example 1 describes the compound ALP-1 which contains a Lewis base adduct In the form of diphenyi- 
phosphonknido triphenytphoephorane. This compound confers high solubility fi styrene end high fluorescence 
efficiency on trb(2,2,6.6-tetramethy1.3.5-heptanedtoriato) terbium (II) when adducted. Therefore, work was 
undertaken to vary the functionality of this phosphors ne compound to investigate structure/fluorescence ef- 
ficiency relaboo ships when adducted to terbium chelates. The relative light outputs were determined using a 
standard luminometer with 1 mmol/mi fluor In tritiated styrene 
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f ^ ^ at1 °°° Cwith initiator. The results are shown In Table 

^l^^lS! 3wefed *° inoGrporatad in high r*dio.ctfv« concentration polyatyrana. 
end showed the characteristic green emission of terbium fluorescence display d by ALP-1. 
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EXAMPLE 11 



A mora general Investigation of other Lewis baee adducts was earned out Adducta of tx\s(2,2,6,&- 
tetrwTwthyl-3>heptanedion8to}terbtum (111) were prepared in situ during polymeria abon. The relative Bght out- 
puts were determined wing a standard luminometer wth chetake:Lewt8 base (1:1) at 1 mmol/mJ in styrene at 
100 »iCVmt. Polymerised at 100*C wrth l-butyi peroxide initiator. The resets am shown in Table 4. 

EXAMPLE 12 

A por/merisabJe phospWne oxide, p-styryldiphertyl phosphine oxide (12) was prepared and its adriuct with 
trte(2.2.e.6-tetrarnethy^3^heptanedlonato)terblurn (HI) prepared in situ as described. Results were obtained 
for various f luor loadings and were Bhown to be essentially the same (up to a f luor concentration of 5% wN) 
as for triphenyt phosphine oxide. 




(12) 



13 



EP 0 556 005 A1 



ItfllA Relaitfe Ugbt OtrtyuU trVflrtout Ptiosphormnc MducU of TfU (2JL«-«etr*/ne 
3,5*1** U»ctflona«o)texthjm (III) 



1 Pko*pkdrjn« Adduct 


Compcuod Number 


Rclithrg Light Outpvt 

^AiQiviiy VallS/ 


1 ^VXf*Xn 

®® 


(4) 


100 


<$® 


w 


S3 


! 




64 






64 






50 




(10) 


98 


C»CtH17)3*«0 


(«) 


82 
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Tabjef Lewis Base Adducts of Tris(2,2.6,64glrarr*tr^ 



Lewis Base Ad duct 


rwisuve Ljgni vjucpvit i/vntrary units) 


No Ad duct 


25 


w i pn enyi pn wp n on i m ta o-tnp rte nyi posp norane 


100 


I rt*iT*<JC(yi|)nw9|WiHl9 WGQ9 


52 


1 I f^J* lolly t|JI lUofJ M HID uuuqb 


96 


"Frio Hi^ftvt jtrnwl rnrLH* 


19 


Trtbutvl nhrt^ohnti* 


15 


Trio h on vio h qsq Knta 


42 


N.N^maihytfofmamide 


37 


Morphdlne 


30 


Piperidlne 


45 


Pyridne 


29 


4-Vinyt-Pyrtdlne 


23 


DimethyUulphoxide 


42 


Bipyndyi 


7 



EXAMPLE 13 

T*traWa(2.2A&-tes'amethyl-3,5-heptanedto (|||), ptporidine salt (13) was prepared, its rotative 

light output was determined to be half that of ALP-1 when incorporated in a trttiated polystyrene matrix. Da- 
termmed by a standard luminomater at 100 yxCUrrt, polymerised at 100°C with t-bulylperoxkJe catalyst. 




J 4 



(13) 

EXAMPLE 14 

Many of the Examples are baaed on elf ieient terbium fluors. In the I an than id* aeries however, europium, 
samarium and dysprosium also show useful ion fluorescence. 

Terbium and europium In general ore reported as more efficient than samarium and dysprosium. For eu- 
ropium, soma extremely efficient p rfluorinated 1.3-dkatonate etiolates are described In the literature, naph- 
thoyi trifluoro acetone for example. These compounds normally produce a doep red fluorescence. However, 
when theee fkwrtne containing oompounds are incorporated in a trtfated polymer matrix at >1Ci/mJ rapid ra- 
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dloactive d gradation ensues, resuWng ki loss of light output. 

However, the known (r«-(c1t>eri20y*methide) chelates of europium and samarium prove to be stable and 
moderately efficient f luora when Incorporated in tntiated polystyrene. Both chelates are rendered more stable 
and more efficient as fluora when adducted with diphenyHmoaphonimido riphenyiphosphorane to gve com- 
5 pounds (14) and (15). Their axcitattort/emissfon spectra at shown In Figures 9 and 10. 

Trie (2,Z6,6-tetramethyl-3 l 5.heptajiedionato)dysprosOT (III) and its dlphenyl-phoaphonrrnido triphenyt- 
phosphorane adduct (1 6) have been prepared, both fluoresce yellow under UV irradiation. Compound (1 6) also 
gives the same ami Mien when Incorporated in tntiaied polystyrene (6 Ci/g). lis excitation/emission spectra is 
Shown in Figure 11. 

10 

EXAMPLE 15 



Of the actrnides uranium aa its dioxide has been investigated. The chelate shown below (17) fluoresces 
green under UV irradiation and when incorporated in tntiatsd polystyrene. Adduction of this compound with 
15 diphenyl-phosphonimido triph enyl phosphorane increases the solubility of the chelate in styrerre. This is a new 
type of fluorescent uranyl chelate. We are unaware, as yet of any other room temperature fluorescent uranyl 
chelate of thJs type. Its excitation/emission spectra is shown in Figure 12. 

EXAMPLE 16 

20 

Waveahlfters such as dirnethyl-POPOP and xylene may be incorporated in trttiated polystyrene with ALP- 
1 to increase the light output (10-20%) with various loadings 1-10% w/v waveshifter. 



25 



30 



35 



40 



45 



SO 



65 
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Experimental: General 

Unless staled otherwise the chemicals used in this work were obtained through commercial sources and 
were used without further purification. H.p.l.c. grade solvents were used wherever possible, for reactions in- 
volving mo re tu re sensitive reagents. Aldrich sure-seal dry solvents were used. Synthetic procedures have al- 
ready been described in the preliminary patent application for ALP-1 and dlphenylphospNnyt azide (a com- 
monly used reagent). 

Melting points were obtained on a Sefco DSC 220 differential scanning calorimeter. 

Excitation/emission spectra were recorded on a Per Kin Elmer L9-60 specUofUjohmeter. 

Preparation of THe^mldirtetraphenyldlphosphtnle add)tert>lum<IB) (3) 

Bls(dipheny<pt>osphlrK>)imtne 

OiprMnylprKMphlrtylchtondelST.Sg^.zeimole) in toluene (100ml) was added to hexamethyldislazane 
(2 1 .0g. 0.1 SOmote) in toluene (50ml) at 80-90*0 over 20 minutes. The reaction mixture was heated at 85*C for 
2 hours then 100°C for 1 hour. The reaction mixture was then evaporated to Ca 100ml volume. A white solid 
was collected upon cooling. Recrystaflization from hot toluene gave a white solid 19.5g. (mp 147*C; Ut 2 mp. 
149-151). 

Irriidotetfaphenytdtphosphinic acid (5) 

Hydrogen peroxide <8ml, 30% w/v) was added dropwtse to a suspension of bi^diphenylphostne^mlneClOg, 
26mmole) in tetrahydrofuran (100ml) at 5°C. The reaction mixture was stirred for two hours and then filtered. 
The solid was dissolved In methanotammonla (4:1; 25ml). the solution fiterea then acidified wtth concentrat- 
ed hydrochloric acid, a solid precipitated which was washed with water (30ml), ethanol (30ml) and hexane 
(30rn!) to give a white solid (fl.ftg). (mp. 279*C llt;2m.p. 283*C). 

Tris<lrT^ctoo^phenyk1tprioephlnlc arjkj)tsrfrium(lll)(3) 

ImkJotetra phenyl cfiphosphinic acid (B.34g, 20mmole) and potassium hydroxide (I.129, 20mmole) were 
heated to reflux in ethanol/water (10:3, 130ml} for 10 minutes. Afine precipitate was faiered off. 

Terbium chloride (hexahydrate) <2.48g. 8.e4mmote) in ethanoj/water (5;2, 35ml) was added to the hot re- 
action solution over 25 minutes. 

The reaction mixture was then heated to reflux for 30 minutes. The reacton mixture was cooled, filtered 
and washed with water (50mJ) and ethanol {50ml J. The product was dried under vacuum at 90*C for two hours 
to give the product as an amorphous white powder (7.2g). (mp. 26CTC dlssoc). 

Compounds 6, 7, 8 and 9 were prepared by the same general method as that described for Compound 4. 

Preparation crTris(2J.6,6-tsti*meth^ pgldeflO} 

Tris^2,6,6^tetrarr*thyt-3£-hapt 0.02moles) and tri phenyl phosph in e ox- 

ide (5.57g, 0.02rnotes) were refkixed In trimethylpentane (150ml) for 30 minutes. The reaction mixture was 
cooled with stirring In an ice/bath. The mother liquor was decanted and the product dried under vacuum to 
give the product as a white crystalline solid <17.2g) (mp. 148°C). 

Pniper»ilonofTffs(Z2,6>tetrmmetr^ 

Trle<2,2.6.e-tetrarr^hyl-3.^ <5.0g, 7.1mmo!e) and tri-n-octylphosphine oxide 

(2.75a 7.1mme4a) war* rafkjxed In trimethytpentane (50m!) for 2 hours Th« aoiver* waa avaporatad to giva 
the product as an amber oil (7.6g). 

Preparation of p^tyrytdlpheriylphosphlrie oxide<12) 

p- St yryidi phenyl phosphine 

p-Styryidiphenylphosphfrie was prepared according to published procedure*. P-Chloroatyrene (30.0g, 
0.22m) In tetrahydrofuran (100ml) was added to magnesium turnings (15g) at such a rate as to maintain reflux 
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The reaction was initiated by adding 3mJ ethyl bromide to the magnesium turnings. After 30 minutes, the re- 
action mbcfc ires cooled to room temperature and was stirred for an additional 30 minutes. The reaction solution 
was then added slowly to chtorodiphenylphospNne (40.4g. 0.183m) in tetrahydrofuran (100ml) with ice-bath 
cooling The reaction mixture was stirred for 1 hour and then poured onto 3m ammonium chloride solution 
(300ml). The organic layer was then separated, dried over anhydrous sodium sulphate and filtered Polymeric 
matenal was precipitated from solution by adding hexane (500ml). Tha solution was then filtered and evapo- 
rated to give the product as a white amorphic solid which waa crystallised from methanol as white crystals 

p-Styryldlphenylphosphine oxide (12) 

. _ ? y *!? en Pe ^ xide (30% 7m,) was ^^ed dropwiee to styryldiphenylphosphsw (8.4g, 29.2mmole) in 
Wrahydrofuran (100ml) at 5«C over 30 minutes. The reaction mixture was than stirred at room temperature 
tor 2 hours. The sotvent was then evaporated and the product dried under vacuum at room tarnperature to qive 
a dear oil (6.8g). y 

Prepsretton QTT»to«KJ t <2^,6.6-tetr«fTi»thvt.3,5-h«|>ts«> < dk> < >etolt>rblurn(n)) plperidwe hH (13) 

TO-n ilfK , *!f?^ , ". 3 ' 5 ; l ? Ptena<,i0nB ( ° 92fl ' 5 " 1m0te> arxJ f**™" 8 (0A3g. Smmole) were heated at 
70-C in ethanol (30ml) for 20 minutes. Terbium chloride (0.27g. Immde) in ethanol (10ml) was then added 
and the reaction mixture heated at 70*C for 2 hours. The product was allowed to crystallize overnight at room 
temperature and then isolated by filtration as a white solid (mp. HFC. decomp.). 

TneTy ^ ^ Tri,(d '^"^^ mrthWeUr(>B ' U m {l,> d ^^^^ Mt>honlmldotrt P n *"ytorK>*g"°r- 

Tria<dlbenzoyimethide)europHjm<lll) 

^.*f Ur °? tim Chk>f1d " haxatTydraUs (22 5. e.Ommole) in 50% aqueous ethanol (50ml) was added to a solution 
1 rT/fttTr S! °' diben ^'" Bthide < 4 -3 7 9- 1*"mol.) in aqueous ethanol (35ml) at 60-C. The reaction was 
atirred at 60 C for 30 minutes, then cooled, filtered and the solid collected, washed with water (50ml) and dried 
to give the product as a bright yellow solid (4.5g). 

Tris(dlben»olylmethide)euroi ijm(»l) diphenyl-phoeohoromido triphenylphosphorane(14) 

Tria<dibenzoYlmetr^)europium(l||) (3.6g, 4J2mmole) and diphenyl-phosphonimido triphenyiphosphorane 
£?' /^ e> W8r * f * fKjXed ,n ""o^PWtone (50ml) for 30 minutes. Reaction mixture f itered wash with 
pentane (30ml) to give the product as a yellow solid (S.0g). 

7^SlS ti0n ° f ^ to<abw *^^ h<d *^^ ^ ^ l ^ lpn * nvt '> ho *P h «>"iwido triphenylphoaphor. 

Tristdbenzoylmat hide)samar1um(lin 

-... Sa T5' Um CW0rid ' anhydrous < Z58 fl- lOmmole) in 50% aqueous ethanol (50ml) was added to a solution 
of theeodium salt of dlbenzoytmethlde (6 B9g, 30mmole) in 50% aqueous ethanol (60ml) at 60-& The reaction 
mixture was stirred at this temperature for 30 minutee. The reaction mixture was then cooled, filtered and the 
solid washed with water (50rrH) to give a bright yellow amorphous solid (7.9g). 

Trisjdjbanioylnr^hid^ me^mOIOdll^^ 

Tri8<dib«n2oy1melrHde)samarium(lll) (1.5g. 1.63mmo»e) and diphenylphotphonimido trtphenylphosphor- 
ane (0.87g. 1.83mmole) were reflux ed in trimethylpeatane (30ml) for 30 minutes. The reaction mixture was 
?«j£ fltor * d * nd th * product dried under V8CtJljrn *w 2 hours to give a yellow amorphous solid (2.0a) (mp. 
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Preparation of Trta(2.2,f ,6-tetrarn thyt-3.S^eptan»dionat Idysproeiumfli ndiphsrrvlohoeoh nimtd 
frlph«nv*phoaphormne MaT ~ 

Tris<£2 ( B,*tatrainethyl-3,5-h^ (81 g t 9.75rnmole) and dlphanylptophonl- 

mkJo triptenyprioaphowie were rafluxad In Wroethylpefitane (60ml) for 30 minutes. The mother liquor was 
decanted from a small amount of insoluble material and allowed to cool to room ternperature. A white crystalline 
material formed which was redissorved in diethyl ether (70ml) and clarified by fltratkxi through a 0.45 micron 
flter. The solvent was evaporated to glva a white soJU (a.1g. mp. 154°C). 

Preparation of Ble(lmidoWraphenyldiphoephlnlc acid) Uranium dioxide (11H17I 

lridotetraphenylo1pr«prHnk»cid (4.30g. 10. 3m mole) and sodium hydroxide <0.412g, 10.3mmoie) were 
heated to 60°C in 90% aqueous ethanoi (100ml). Uranyl acetate (2.0g, 5.15mmoJe) fri 50% aqueous ethanoi 
(40mi) was then added quicWy and the reaction mixture hated to reflux for 20 minutes. The reaction mixture 
was cooled to room temperature, f itered, washed with ethanoi (30ml) and dried under vacuum to give the prod- 
uct as a yellow solid (4.4g). 

Claims 

1. A compound that results from reacting together an tmrdo-raactant of formula 

R 
I 

O - Q - N - Z 

I 

R 

where Q may the some or different at different parts of the molecule and is R As or Sb. 

and R may be the same or different at different parts of the molecule and each R is an aromatic 
or heterocyclic ring sfructure which may be substituted or unsubstFtuted, provided that one group R may 
alternatively be a co-poiymerlsable group, 

and Z is QRj or an ollgophoBphoranyl group, 

with a chelate of a transition or ianthenjoe or actimde metal Ion to produce a product which has 
the property of fluorescing in LI V radiation. 

2. A compound as claimed in daim 1 , having the formula 

(X« - M - O - QRa - N> p 2 or Xr, - M( - O - QRj - N - 2), 
where M is the transition or lanthanide or actinide metal ion, 
X is a chelating group, 
n is 1 to 4, 
p Is 1 to 4. end 
e is 1 to 4. 

X A compound as claimed In claim 1 or daim 2, wherein the imkJo-reactant has the formula 



Ph Ph 

f I 
O-P - N- P-Ph 

I I 
Ph Ph 
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where Ph is phenyl. 

A compound as claimed in any on* of daims 1 to 3. wherein the chelate comprise* a chelating moiety of 
the formula 



R 



>- 



where R* may be the same or different at different parts of the molecule and R" and each R' is an 
aromatic or heterocyclic ring structure which may be substituted or hydrocarbon or f luorocarbon or R" is 
hydrogen. 

A compound as daimed in claim 4, wherein R' Is t-bvtyl and R" la hydrogen. 

A ccrnpound aa daimed in claim 4. wherein R" Is phenyl and R" is hydrooen. 

7. A compound as daimed in any of daims 1 to 4 and 6, wherein the metal ion Is Europium 3+. 

a. A com pound as daimed indaim Band darn 7 which is tris(d»b«nzoyirneth»de) bis(dlphenylphoaprH5nimido- 
blphanylphosphorane) europium IN having the structure: 



5. 
6. 



3t 



Ph 



Ph 



I I 

i I 

Ph PA 



». A compound as claimed in any one of claims 1 to 5. wherein the metal Ion Is Terbium 3*. 

10. A solid body comprising an organic polymer or a mixture of organic and inorganic polymer together with 
a compound according to any on* ofdaime 1 to 9. 1 ha body being capable of emitting light whan subjected 
to a f lux of electromagnetic radiation. 



11. 



A solid body comprising an organic polymer or a mixture of organic and Inorganic polymer, together with 
•t least one chelate of a transition or lanthanide or actiniae metal, the body having the property of emitting 
light by virtue of internafly generated ionising radiation. 

12. A body as claimed in claim 11 . wherein the chelate comprises a chelating moiety of the formula 



R ' 'C 



R 



,c - 



o 
o 
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where FT may be tha same or different at different parts of the molecule and R'and each R' Is an 
aromatic or heterocyclic ring structure which may be substituted or hydrocarbon or fluorocaroon or R" is 
hydrogea 

s 13. A body sa daimed in daim 12. wherein RNst-butyl or ph 

14 A body as claimed in daim 11. wherein the chelate is europium (3+X naphthalene trifluoroacetyl aceton- 
ate)* bipyridyt. 

10 15. A body as daimed in daim 11. wherein the chelate * terbium (3-) (pivaloylrnethideh tripyrazcJyl borate. 
18. A body as daimed in any one of daims 10 to 14. wherein the polymer » radioactively labelled. 

17. A body as daimed In daim 1 6. wherein the radioisotope is tritium. 

18. A body aa daimed In daim 1 7. wherein the polymer ia labeled with tritium to an activity of 1 uCifc to 100 

19. A body as daimed in any one of claims 10 to 18, which is transparent or translucent 

20. A body as claimed in any one of claims 10 to 19. wherein the polymer b therm op* as tic. 

21. A body as daimed in any one of daims 1 0 to 20. wherein the organic polymer is a poMvinyfaromatic) hy- 
orocarbon. 

22. Abodyas daimed in any or*e of da^ 
and/or m the compound of any one of daims 1 to 9 is replaced by deuterium. 

21 A body as daimed in any one of daims 10 to 22. wherein the compound of any one of dalrns 1 to 9 is 
present at a concentration of 1 >ig/ml lo 250 mg/ml of polymer. 

24. A body as daimed in any one of claims 10 to 23, which has been formed by subjecting to polymehsation 
conditions a reaction ml* lure comprising at feast one pofymerfeable monomer and the compound of any 
one of daims 1 to 9. 

25. A body as daimed in daim 24, wherein at least one polymerisable monomer is tritinted. 

25. A body as daimed in any one of daims 10 to 25. in the shape of a cylinder with the curved surface made 
internally reflecting, or of a chord of a cylinder with the curved surface and the ends made internal ly re- 
flecting. 
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Fig.2. 
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POLYMER TRITIUM CONCENTRATION 6-06 C»/g 




150 200 250 

PHOSPHOR CONCENTRATION fmg/ml) 



Fig.3. 

9<h 



POLYMER TRITIUM CONCENTRATION 0-6O6 Cify 




150 200 250 
PHOSPHOR CONCENTRATION (mg/ml) 
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FigS 



POWEB OUTPUT V RADIOACTIVE CONCENTRATION 
40H PHOSPHOR COHCENTRATION 120 (Kg! ml. 
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Fig.8. 



COMPARISON OF BGIOHTNSS3 OF LLPS AS MEASURED 
BY POWER GENERATED PER cm 2 PHOTODIODE 




RADIOACTIVE CONCENTRATION (Ci/g) 
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